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1. SUMMARY

Dreyfus-Pellman Corporation (D-P) was awarded Contract DAAK-50-78-C-0024
to accomplish the second phase of a three-phase program. This three-phase
program will result in a prototype, computer-controlled, non-contacting
electro-optical system to measure the contour of helicopter rotor blades.

This report covers Phase II only. The effort called for by Phase I proved
the feasibility of the concept and is documented in Dreyfus-Pellman's
Final Technical Report dated 11 December 1978 (AMS Code: 5397 OM 6350,
M766350).

During Phase II, a full-scale prototype electro-optical rangefinder was
designed, built and tested. This system operates under computer control,
and can determine the contour of chordal sections of sample helicopter rotor
blades to accuracies approaching 0.001". A computer printout shows the

X-Y coordinates of as many points on the chordal section as desired. A
graphic display can show the chordal section being contoured and the

blade section's specification simultaneously. In addition, the differences
between these two sets of coordinates are computed and displayed graphi-
cally and via printout.

The final system (Phase III) will permit the contouring of an entire heli-
copter rotor blade in 30 minutes by electro-optical techniques without con-
tact between contouring equipment and the surface being measured. The con-
touring system elements will be several feet from the surface being con-
toured.

The entire operation is under computer control and fully automatic. It can
be changed by reprogramming to contour a wide variety of surface shapes.
Expensive tooling need not be fabricated for each part being contoured.
Operator skill needed is minimal, as all functions are under computer
control.

Output format can be varied to suit the individual user.
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To test contouring accuracy, mechanical measurements were made, using a

Brown & Sharpe Validator, to determine the coordinates of approximately 30
points, including the leading edge on each of three different chordal sec-
tions of helicopter rotor blades. The electro-optical rangefinder con-
toured these three rotor blades along the same chordal line, and the mechani-
cal coordinates were fitted to the electro-optical contour. The root-mean
square (RMS) of the difference between the mechanical coordinates and the
electro-optical contour varied between 0.0016 and 0.0026".

To determine scale, a chordal section of a rotor blade was contoured; it
was then moved approximately one inch along its chord and recontoured in
its new position. The difference between these two contours was 0.0028"

RMS.

In order to determine how well the electro-optical equipment can measure
the leading edge of a swept-back rotor blade, a section of an AAH blade

was tilted approximately 20° and contoured by the electro-optical range-
finder. This contour was compared to points measured by the Brown & Sharpe
Validator. The difference between the mechanical points and the electro-
optical contour was 0.0021" RMS.

In order to determine absolute accuracy, a special test fixture was built
and measured with traceability to the National Bureau of Standards. The
results of these tests indicate that absolute accuracy in the order of

0.001" to 0.002" is attainable.




1. BACKGROUND

The aerodynamic characteristics of main rotor blades of helicopters has
always been considered a critical parameter by the industry. One of the
major manufacturing problems has been to accurately determine the as-built
configuration. There have been three basic measuring methods used typi-
cally; mechanical, electro-mechanical and pneumatic mechanical. In most
cases, these methods are constrained in application to predetermined chor-
dal stations, and the measuring devices are moved from point to point along
the span of the blade. The number of data points has been limited and the
amount of time required to take the measurements is relatively long. There
is significant concern in the industry regarding the correlation of as-
built configuration and performance. There are schools of thought that
feel by knowing more about the surface condition of the blade and by having
better data to relate to theoretical airfoil, it may be possible to relax
manufacturing tolerances without sacrificing performance. The result would
be the availability of a comparatively less expensive blade.

These types of measurement equipment are subject tc frequent failure. The
two predominant modes are total malfunction and inaccurate data. As a
result of these frequent problems, the equipment requires reasonably high
investment and maintenance costs. In many cases, the data derived from
these measurement devices are not easily coupled to any form of computer.
It has long been the desire of the industry to have fast, accurate measur-
ing equipment easily adjustable to any number of data points along the
chordal dimension in conjunction with the data processing capability that
provides a summary assessment of the surface of the blade. An additional
characteristic that is needed is a measurement device with the versatility
of accommodating various sizes of blades and airfoil shapes without the
necessity of complete and extensive retooling. The D-P electro-optical
system offers a promising solution to these problems. It is capable of
measuring any form of airfoil; it can be programmed to provide almost an
infinite number of measurements along the chord and the span of the blade.
The resulting signals from the measuring devices are easily converted to a

-3-




form usable in a basic computer, thereby allowing comprehensive assessment
of the as-built confiquration covering all parameters such as camber, twist,
waviness, chordwise bow, and spanwise bow. In addition, contour measure-
ments will be made in the area of and at the leading edge.
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2. ADVANTAGES DERIVED FROM THIS TECHNIQUE OF CONTQOUR MEASUREMENT

R

The Noncontacting Electro-Optical System to automatically measure the con-
tour of helicopter blades designed by Dreyfus-Pellman Corporation is based
upon solid, highly-reliable, proven electro-optical components and engineer-
ing practice. A breadboard of the Electro-Optical Rangefinder, which is

the heart of the proposed system, was built, tested and demonstrated under
Contract DAAK 50-78-C-0008 (P6D) with the Army Aviation Systems Research and
Development Command. A Prototype, Computer-controlled Electro-Optical
Rangefinder was built, tested and demonstrated under corntract DAAK 50-78-C- -
0024, with the Army Aviation System Research and Development Command. The
tests performed under this contract show that helicopter rotor blades can

be measured, using this concept, to accuracies of 0.001" in a reasonable

and practical way. A complete system which can be used to contour helicopter
rotor blades is proposed for Phase III of the overall program.

D T I v v R "Wy D ey

The combination of the electro-optical subsystem with modern electronic
data processing components resuits in a powerful, flexible, system that

can be used in a factory and/or engineering environment to perform measure-
ments on helicopter rotor blades to an accuracy and with speed which rep-
resents an advance in the state of the art.

If one were to build conventional equipment, employing contact probes or
proximity probes to make the required contour measurements, the accuracy
of these measurements would depend upon the stability of the mechanical

| structure which serves as a reference. Any twisting, bending or settling
of the structure after calibration or during measurement would affect the
accuracy of the machine. Probes must cover over 40 feet spanwise and 48
inches chordwise, with a positional accuracy of better than +.001 inch
under normal shop conditions. The cost and complexity of a mechanical

X-Y carriage positioning a probe with this accuracy is extremely high. If
multiprobes are used, the relative position of one to the other must be
known and held to better than +.001"; this is expensive also. =

R

In addition, conventional equipment affords 1itfle or no flexibility in
operation. Once the probes are positioned for a certain type of blade,

~5-
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rearrangement, which can be costly, is required before any other size blade
can be measured. The proposed system need not be rearranged. All that is
required is operator control or reprogramming for automatic measurement.

The use of the proposed machine to measure rotor blade contour will enable
helicopter manufacturers to:

1. Improve vehicle performance.

2. Reduce vibration so that the helicopter would be a better platform
for the payload. This would enhance payload performance and extend
payload operating life.

3. Reduce vibration so that rotor and gear box life would be extended.

As to factory environment, our design offers the following advantages over
conventional mechanical or electro-mechanical contacting systems:

1. Lower operating cost, because setup is simple. Physical changes
and calibration are not required for each blade type measurement.
Changes are made, via programming,quickly and economically.

2. The mechanical structure is less costly than conventional struc- 1
tures, because the requirements for dimensional stability are |
reduced by an order of magnitude, due to the self-calibration . :
features of our design and the fact that the balanced rotary
motions of the scanner will cause less deflection than the linear
motion of conventional contacting probes. ]

3. Probe wear, together with the cost of probe replacement, is
eliminated, as our system is noncontact.

4, Quick and automatic calibration. Reference points can be scanned
between each blade measurement in order to calibrate and estab-
1ish a reference coordinate system from which each blade measure-

-6-
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ment can be taken. In addition, reference calibration is
achieved between each chordwise scan.

High thru-put. Measurements are fast. Thirty minutes for an

entire rotor blade.

Compatible with modern data-processing systems. Outputs can be
tailored to meet the desired output format. Summary data and
analysis can be made quickly and eonomically.

Measurements can be made in the area of and at the leading edge.

The Dreyfus-Pellman system utilizes proven technology; the application of
this technology was successfully demonstrated during the first phase of
this program and reduced to practice during the second phase of the pro-

gram,

During a proposed third phase, a complete system can be built.
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3. AERODYNAMIC AND MANUFACTURING CONSIDERATIONS

Dreyfus-Pellman's coordinate measuring machine, as proposed during Phase
111, will provide a blade contour measuring system, which will be accurate
and rapid, providing blade measurement data to the operator in a matter of
seconds by the use of a minicomputer and a high-speed printer. The data
will provide a binary indication of acceptability. When the blade is
unacceptable, it will specify the exact parameter and, where applicable,
the chord and spanwise location.

For example, the computer will provide for typical blade contour readings

at spanwise locations of 20%, 40%, 60%, 75%, 90%, and 95% of blade span.

At each spanwise station, readings will be taken at the leading edge and

of the chord height at as many points as desired (measurements can be made

as close to each other as 0.010"). The readings will be taken simultaneously
of the top and bottom of the blade, providing orders of magnitude more

data compared to what is presently available.

The computer will calculate top and bottom chordal heights and a printout
will provide chordal actual heights and any deviations from requirements.
The system will simultaneously show these results graphically on a TV
screen. The system is designed so that easy alteration of the standard
measurement points can be achieved. This provides the capability of using
the system as an analytical tool for evaluating specific aspects of the
blade manufacturing tooling reproducibility. It may also be used to evalu-
ate local areas of the blade with regard to comparisons of as-built con-
figurations to aerodynamic performance.

Utilizing the actual dimensions, airfoil waviness and camber of the airfoil
at each spanwise station will be calculated and summarized. Additionally,
during the course of scanning the blade contour, at the various spanwise
stations, the twist of the blade will be calculated and printed out as a
part of the data.



Using the aforementioned summary numbers and the blade twist, the computer
will calculate and print out the trim tab angular adjustment that will be
required to cause the blade to track when installed on an aircraft.

The equipment will provide a structure to facilitate insertion and removal
of the blade. It will be front-loaded in a manner that will minimize the
need for clearance area around the system.




4. SPECIFIC ACCOMPLISHMENTS

Dreyfus-Pellman was awarded Contract DAAK 50-78-C-0008 (P6D) in October,
1977; this covered the first phase of a multi-phase program to design, build,
test, and install a machine to automatically measure the contour of heli-
copter rotor blades, using non-contacting electro-optical techniques.

The work performed under that contract indicated that the engineering
design concept employed by Dreyfus-Pellman Corporation was sound and would
result in a machine meeting the performance goals stated in Section 5 of
this report.

In September 1978, Dreyfus-Pellman was awarded contract DAAK50-78-C-0024,
which covered the second phase of this three-phase program. Under this
second phase, the following was accomplished:

1. A prototype computer-controlled electro-optical rangefinder was
designed, fabricated and tested, using actual helicopter rotor
blade sections constructed of various materials.

2. A graphic c¢isplay, which showed the actual contour of the rotor
blade section being scanned, together with the coordinates of
points on its surface which previously were determined mechani-
cally, was designed and built.

3. Programming was completed to the extent that a complete scan of
a chordal section could be taken, displayed and printed from a
single keyboard command.

Figure 1, 2 and 3 are photographs of the prototype system.

From an economic and practical engineering standpoint, it follows that the
work begun in Phase 1 and continued in Phase 2 should continue, and will
result in usable factory hardware.

-10-
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5. PERFORMANCE GOALS

The prototype rotor blade measuring machine which Dreyfus-Pellman Corpora-
tion proposes to build under Phase I1II shall be designed to meet performance
goals which are based upon manufacturing and engineering requirements which
will be encountered over the next ten years.

The proposed machine will work in conjunction with electronic data processing

equipment and graphic displays, which will afford a high degree of flexi-
bility. Changes in measuring requirements will be accomplished largely
through the use of programming. Mechanical changes to the machine will be
held to a minimum. In most cases, the only mechanical change required
will be modification or adjustments to the holding fixture to accommodate
different size rotor blades. The machine will be designed to provide a
high degree of accuracy without any loss of reliability. As a goal, the
imachine will make the following measurements to the accuracies specified:

1. The primary function and most important objective of this equip-
ment is to measure cross-sectional shape of blades and blade
spars. The absolute accuracy of the blade contour relative to a
reference plane shall be 0.001". Based upon the contour map of
the blade obtained by scanning the cross-section of the blade,
including the leading edge at various stations, waviness, camber,
flatwise bow, edgewise bow and twist are to be computed. Accur-
acy for twist shall be one minute of arc and accuracy for flatwise
and chordwise bow shall be 0.010".

2. The machine shall have the capability of making measurements as
c¢lose as 0.010" apart on certain portions of a chordwise scan
(for example, at the leading edge). The time constant of the
measuring system shall be short enough to permit many measure-
ments to be made in critical areas without slowing down the over-
all measuring cycle. The number of measurements shall be con-
trolled from a keyboard.




The dynamic range of the measuring system shall be great enough
to accommodate different blades where the measurement surfaces
will vary in location (one from the other) by as much as 5
inches.

Spanwise movement along the blade shall be accomplished by
automatically moving the carriage of the measuring system.
The blade shall remain stationary. Spanwise location of the
measuring device shall be automatic, based upon preprogrammed
inputs to the machine.

A keyboard shall permit the operator to select spanwise posi-
tion in the event that preprogrammed positions are not desired
or if additional positions are desired. When operating in the
preprogrammed mode, the machine will automatically move to

the next spanwise position at the completion of measurement of
the chordwise contours. Spanwise location shall be accurate
to 0.030" of true position.

A self-calibration feature shall be incorporated into the
machine. Calibration shall be checked at the beginning and
end of each chordwise scan. The computer system will adjust
all readings to account for the calibration inputs.

The machine shall accommodate rotor blades having a chord
width as large as 48", a span as long as 40', and thickness
changes per side as great as 3".

The measuring speed of the system shall be such that at least
4000 points may be measured on a 40' rotor in 30 minutes.

A graphic display will be provided which will show as desired {
the contour of each chordal section and will be capable of
comparing actual section to specification requirements.

-15-
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6. SYSTEM DESIGN

Introduction

Dreyfus-Peliman Corporation's design utilizes noncontacting electro-
optical sensors in a triangulation rangefinder arrangement to measure
the contour of helicopter rotor blades. Two such rangefinders are used,
so that both sides of the rotor blades can be measured simultaneously.
The two sides of the blade are related, in a measurement sense, by having
common reference points adjacent to the leading and trailing edge
measured by both rangefinders. The use of a small mirror near the
leading edge affords a proper viewing angle for this portion of the
blade.

Figure 4 shows the contemplated design of the overall system (proposed for
Phase III). It is an artist's conception, based upon the preliminary design
of the structure completed during Phase I.

The mechanical structure of the complete measuring system consists of
two main sections.

The first section is a fixture which supports the blade being measured.
This fixture locates the blade on two reference chords which establish
the coordinate system for contour measurement. In addition, optical
references are incorporated into this fixture, so that the optical
sensor will always look at these references when measuring surface con-
tour (Figure 5). That means that the position of the optical sensor
need not be controlled to plus or minus .001" relative to the rotor
blade, but that its position be known to plus or minus .001" as deter-
mined by scanning the reference bars. This reduces its structural
complexity by an order ov magnitude.

The second section of the structure is a transporting mechanism which
moves the optical sensor spanwise over the blade being measured. The
chordwise scanning motion is generated by rotating the I1luminator and
Tracker through sufficient angles to scan the entire chord. In view of

-16-
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the fact that the exact position of the optical Rangefinder is deter-
mined by a physical reference tied to the holding fixture, its position
need not be controlled to a high precision. However, its position must
be known accurately. This noncriticality of position reduces the cost
and complexity of the transporting mechanism. In addition, by isolat-
ing the holding and reference fixture from its moving transporting sys-
tem, its complexity and cost are reduced (Figure 6). The salient feature
of this system is that most of the problems associated with mechanical
or electromechanical contactors and precision X-Y carriages are avoided.
Optical references are established and maintained independent of the
structure which carries the sensing and measuring equipment; thus,
measurement accuracy does not depend upon the rigidity and stability of
the mechanical structure, thereby reducing the cost and complexity of
this structure and overall system,

Scanning is accomplished by having a laser I1luminator generate a 0.001"
x 0.100" line image on the surface of the rotor blade. This Illuminator
is rotated and counterbalanced about its rotation axis. As the I1lum-
inator rotates, the line image travels along the chord of the blade. An
optical Tracker captures the line image in its field of view and tracks
it as it moves across its chord. The Tracker motion is one of counter-
balanced rotation. The counterbalanced rotational motion of the I1lum-
inator and Tracker minimizes shifting of masses on the main supporting
frame of the measuring equipment, thus improving measurement accuracy
and reducing the cost and complexity of the supporting frame.

The surface contour is measured by optical triangulation rangefinding.
The baseline of the triangulation Rangefinder is an approximately 40"
long beam supporting a laser light source at one end and an optical
tracker at the other end. The baseline beam is suspended approximately
30" above the chord. The laser source generates a beam of light forming
one leg of the Rangefinder triangle; the other leg of the rangefinding
triangle is generated by the axis of the optical Tracker. The location
of the contour point at the apex of the triangle is then defined by
angle, side, angle (illuminator angle, baseline, and tracker angle), and

can be trigonometrically calculated.
-19-




In order to contour the surfaces, the I1luminator pivots so that the
laser spot travels across the chord at an angular rate of 3°/second.

As the ITluminator beam pivots, the Tracker pivots to track the laser
spot under closed-Toop servo control, so that the intersection of the
illumination axis and tracker axis maps the surface contour. This is
accomplished to an accuracy of 0.050". An open loop sensor located

in the Tracker determines the position of the laser spot to an accuracy
of .0005" (Figure 7).

The laser beam is modulated at a frequency of 1 kilohertz, and the opti-
cal Tracker is filtered in the spectral (wavelength), temporal (fre-
quency), and spatial (field of view) domains to prevent ambient stray
1ight from biasing the contour readings.

As the laser Illuminator pivots, its beam is kept focused on the surface
of the rotor blade by a closed-loop, focusing adjustment on its output
lens. The Tracker is likewise focused.

The Rangefinder assembly travels intermittently along the surface's

long dimension from measuring station to measuring station. As it
travels, the 50' long span girder will tend to settle and twist. There-
fore, at the beginning and end of each pivoting scan of the contour,

the Rangefinder is calibrated by locating two reference points located
near the leading and trailing edges of the surfaces on the holding
fixture. The angular orientation of the pivot axis is monitored by

an autocollimator connected rigidly to the pivot axis which is looking
at a fixed target on the holding fixture.

Rangefinder

The Rangefinder consists of two optical assemblies: a laser Illuminator
and a contour Tracker, which are located at the ends of a 40' long
baseline beam. The baseline beam is oriented approximately 30" away
from and parallel to the rotor chord, and perpendicular to the span
axis. The Illuminator and the Tracker are supported on pivot axes and

-20-
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toed-in, so that their optical axes intersect at the rotor surface. The
ITluminator generates a .001" x .100" line of laser light on the rotor
surface, with its long axis parallel to the rotor span axis. The Illum-
inator pivots at an angular rate of 1 degree per second, sweeping the
1line of light across the surface of the rotor. As the Illuminator
pivots, the Tracker also pivots smoothly under computer control, to
follow the 1ine of light across the rotor surface. Residual tracking
errors, due to unpredicted surface contour variations, are measured by
an open loop sensor in the optical Tracker to an accuracy of +.0005"
over a range of *,0500".

The laser I1luminator contains a helium-neon laser emitting 5 milliwatts
of polarized 1ight at 0.63282 micron wavelength in a 0.8 mm diameter
beam with 1 milliradian beam divergence. The light path is folded by
flat mirrors for system compactness and its diameter is expanded sixty
times by an optical beam expander in order to reduce its divergence

from 1000 microradians to 25 microradians in the direction perpendicular
to the rotor span axis. In the direction parallel to the span axis,

a hundred times larger beam divergence of 2500 microradians is generated
by a cylindrical lens incorporated in the beam expander. The expander
output is focused on the rotor surface by a servoed objective lens, so
that it generates a .001" x .100" 1ine image.

The contour tracker views the illuminated line on the rotor surface
through a lens system consisting of a collimating objective lens and

a servoed focusing objective lens. In the space between these two
lenses, a square aperture stop is located with one pair of sides parallel
to the line image on the rotor surface. This square stop (operating

in conjunction with the two lenses near it) generates a rectangular
pyramid of 1ight flux in the Tracker. This pyramid converges toward

a line-shaped apex parallel to the same two sides of the aperture stop;
the apex is an image of the laser line on the rotor surface.

The rectangular pyramid of light is intercepted near its apex by a two-
element silicon photodetector. The intersection of the photo detector




plane with the flux pyramid is a rectangle of 1light with an intensity
distribution which is bilaterally symmetrical. If the laser line moves
off center in the field of view of the Tracker, the difference of the

flux levels intercepted by the two silicon elements is a direct linear
measure of the distance of the laser line from the center of the Tracker's
field of view.

The optical geometry and detector configuration described above are key
elements in this system. Its metrological integrity depends on the
feasibility of establishing a stable relationship between the flux dif-
ference on the two detectors and the laser line position. We have selec-
ted a two-element silicon photo detector, because these detectors

exhibit responsivities which change only about 0.1%/C°. Furthermore,
these two-element silicon detectors are made as a unit; hence the
individual detector elements have practically identical chemical and
physical properties, and tend to track their cellmates in photo-detective
responsivity. By way of comparison, photomultiplier detectors have
responsivities which change approximately 1%/C°, and are individually
made; hence, it would be difficult to get two photomultipliers to

match in responsivity over the temperature range and effective operating
lifetime required in this type of application.
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7. ALIGNMENT AND CALIBRATION

In order to achieve the desired metrological accuracies, contours in the
order of x0.001" over a 48" chordal section, it was necessary to align
the optical elements and calibrate the electronic elements to the follow-
ing criteria:

I1luminator and Tracker angular position readouts to +0.0001°.

I1Tuminator and Tracker spindle parallel to each other to +0.01°.

ITluminator and Tracker optical axis perpendicular to their
respective axes of rotation to +0.01°.

The planes generated by the rotation of the Illuminator and Tracker
optical axes when the Illuminator and Tracker are scanning are
coplanar to +0.01".

Relationship of Il1luminator and Tracker optical axis to angular
position fiduciary points is *0.001°.

Wander of Illuminator and Tracker optical axis throughout the
entire range of travel of each focus carriage to less than +0.001°.

The horizontal axis of the detector cell is parallel to the plane
generated by the Tracker optical axis as the Tracker rotates to *1°.

The axis of the cylindrical tens is aligned such that the 0.100"
vertical Tine generated by the ITluminator is parallel to the
ITluminator's axis of rotation to x1°.

The eccentricity of the ITluminator and Tracker optical axis
relative to their respective axis of rotation is known to :0.0005".

The dynamic focus positional requirements of the ITluminator and
Tracker focus lenses are known to +0.001".
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8. ELECTRONIC DATA PROCESSING

Introduction

The electronic data processing subsystem was configured during Phase 1

of the program; the choice of system design was made with the assistance

of Hughes Helicopter, taking into account the data processing requirement
of a major helicopter manufacturer. The computer and peripherals chosen

provide a system that will:

Perform the computations to measure the specified dimensions
Be easy to use

Be low in cost

Provide flexibility as requirements change

W N —

The system is sufficient to develop, modify and execute the required
measurement programs and calibration programs.

The computer subsystem has the following features:

1. Capability of modifying existing or generating new measurement
programs
2. Capability of storing several measurement programs
Operation communication through keyboard
4, Output will be printed on any desired format of 80 characters J
per line
5. Printing time is 8.3 seconds per line
Graphic display to show contours

Description

The Electronic Data Processing System, EDPS, consists of the following ]
major items: , ]
1. CROMEMCO System Three, which incorporates dual floppy disks, A

48K memory and a Byte Saver Card."

2. Teletype Model 43 Keyboard Printer




3 3. Conrac 17" TV display
’ 4. Intermediate Processor designed and built by Dreyfus-Pellman
Corporation

i Software

The CROMEMCO System is programmed in Basic and Machine code and the Inter-
mediate Processor is programmed in Machine code. :

Function

The major items of the EDPS perform the following functions:

1. CROMEMCO - (Host Computer)
Directs Rangefinder to contour the required points and/or
section of the rotor blade automatically
Does triangulation mathematics and computes X-Y coordinates
of rotor blade section
Rotates the mechanical or specification coordinates for best
fit with the electro-optical coordinates; determines point-
by-point differences and RMS difference
Provides human inputs to TV screen and printer

2. Teletype -
Provides input/outputs to system

3. Conrac TV -
Provides graphic display of electro-optical contour, mechanical/
or specified contour, compares same, and shows difference
between them

4, Intermediate Processor
Closes servo loops
. Provides automatic focus computations
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M b i e

e, b i

P

¥
+

e ki a7 M M et g 3 S M

9. TESTS

This section describes the test performed using the prototype electro-
optical rangefinder.

Contour Comparison

The purpose of these tests is to compare the contours generated by the
electro-optical rangefinder to some other recognized contour of the same
1ine on the same rotor blade. For the purpose of these tests, a Brown

& Sharp Validator was used to determine the coordinates of points which
defined a contour. This contour was then compared to the contour defined
by the electro-optical rangefinder. In order to have a meaningful com-
parison, it is necessary that the same points be used to define the
contour produced by the Validator and the electro-optical rangefinder.
These measurements were accomplished as follows:

1. The rotor blade section was placed on the electro-optical
rangefinder test stand and the I1luminator was directed to
"paint" a horizontal scan 1ine along its chord.

2. Four marks were placed along the chord of the rotor blade sec-
tion to show the path of the I1luminator scan line. If one
were to draw a line connecting these four marks, it would
coincide with the I1luminator's scan line to within #0.015".

3. A tape was placed approximately 1/4" above these four marks.
This tape was then marked with vertical lines. The intersec-
tion of the downward projection of the vertical lines and the
Tine connecting the four scan line marks represents the points
which will be used to define contours.

4, The rotor blade section was then placed on the Validator Table
in such a manner that, when the Validator stylus was at a fixed
£ setting, it intersected all four scan line marks on the rotor
blade.

5. The Validator stylus was then raised so that it intersected
the vertical lines on the tape.




J

i 6. The Validator stylus was then moved to a specific line on the

i tape, its X position being locked, lowered to the predetermined
Z position, checked for contact with the rotor blade section,
and then its X, Y, Z coordinates were printed out to +0.0001"
readings. This was done for all of the points on the rotor
blade section.

7. The rotor blade section was then placed on the Electro-optical
Rangefinder test stand in the same position as it was in step
1 above, such that the Il1luminator scan line passed through all
four marks.

8. The Illuminator spot was moved so that it was directly below each
vertical line on the tape to within x0.015" and the I1luminator
angle was recorded for each line position.

9. The Electro-optical Rangefinder was then directed, via the
keyboard, to automatically determine the coordinates of sixteen
points, spaced approximately 0.0003" apart and centered about
each of the I1luminator angles determined in (8) above. This
resulted in a group of sixteen electro-optically determined
coordinates in close proximity to each Validator-determined
coordinate.

10. A1l of the above data were entered into the computer and the
following was accomplished:

a) The slope between every other group of points was
determined (between points 1 and 3, 2 and 4, 3 and 5,
etc.).

b) A straight line was drawn through each point having
a slope identical to the slope determined in (a)
above by the points surrounding the point through
which the straight line was drawn.

c¢) The contour formed by the intersection of the straight
lines shown in (b) above is now a close approximation
of the electro-optical contour.

d) The distance between the mechanical coordinates and
the contour determined in (c) above was calculated,
and
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e) The mechanical coordinates were rotated and translated
for best fit with the electro-optical contour. This
best fit was defined as the condition where the RMS
value of the distances between the mechanical points
and the electro-optical contour was at a minimum.

Repeatability Measurement

A rotor blade was contoured electro-optically, as in the contour compari-
son described above. It was then moved one inch along its chord and the i
average of sixteen electro-optical readings 0.001" apart, in the same :
location as the previously-determined electro-optical points, was taken. |
These new electro-optical coordinates were then best fitted, in a manner ‘
similar to the contour comparison, to the original electro-optical coor-
dinates, differences were computed, and the RMS differences calculated.

Swept-Back Rotor Section Contour

In order to determine how well the Electro-optical Rangefinder will
operate on a swept-back rotor such as the AAH, an AAH section was tilted
20° and a contour comparison was made as above.

Accuracy Measurements

In order to determine the absolute accuracy of the Electro-optical Range-
finder, a special test fixture was designed, built and then measured with
traceability to the National Bureau of Standards. This fixture was then
measured, using the Electro-optical Rangefinder. Both sets of measurements
were compared.

The fixture consisted of an aluminum plate 40" x 6" x 1 1/2" upon which
were mounted five one-inch diameter plug gages. The coordinates of the
center of each plug gage were determined by Moore Special Tool Company to
an accuracy of 20 microinches. Figures 8 and 9 are copies of the Certifi-
cate of Accuracy.

The Rangefinder was programmed to scan a contour line of approximately 90°
on each plug gage. The center coordinates of each plug gage were computed
from the respective contour date.

30-
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The coordinates determined by the Rangefinder were then rotated and trans-
lated to match the coordinate system of the fixture as specified on the
Certificate of Accuracy. The difference of coordinates of each plug gage
center were then determined and tabulated.
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YL 53000

Moore Special Tool Co.,Inc.
Certificate of Accuracy

DREYFUS - PELLMAN CORP. STANDARD B/P 100224
Ix.

- ——» +

'2E:3 B -::€§;>DATUM
O ®
O TOP VIEW .

|
| 280
[ | | L | | ]]—f

I L p——— | SN S S L S— | S |

FRONT VIEW

BB Line up #1 and #2. Datum is on #1.

LB ALl readings are taken .250 down from top of pins as
B shown.

'lxl' !-Yll

.00000 .00000
-23.99901 .00000
-34.99841 =2.49975
-13.99984 -1.24980

5. + 4.99948 -1.25017

' Pogsitions shown above were calibrated on the Moore
Ml Universal Measuring Machine S/N 5001 @ 68CF
1 40% Relative Humidity.

b It is estimated that the reported values are accurate

Page 1 of 2
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Moore Special Tool Co.,Inc.
Certificate of Accuracy

DREYFUS - PELLMAN CORP. STANDARD B/P 100224

This machine was calibrated January 5, 1979 and is
traceable to National Bureau of Standards
'Test No. 232.12/212228.

‘'Calibrated By:
i Superv4sor, Contract Measuring

Approved By: ./ atse
Manager, Quality Control

March 8, 1980 Certification $#907

Page 2 of 2



10. TEST RESULTS

Figures 10 thru 14 are computer printouts of the results of the contour
comparison tests made during this phase of the program. The results of
these tests show that the electro-optical contours obtained differ from
the mechanical contours by as little as 0.0016" and as much as 0.0026".

The following tabulation shows the results of the accuracy measurements.

Certificate Rangefinder :
Data Measurement Difference

X Y X Y X Y
.00000 .00000 .00012 - .00027 .00012 .00027
-23.99901 .00000 -23.99812 - .000373 .00089 -.00373
-34.99841 ~2.49975  -34.99842 -2.49967 - .00001 .00008
-13.99984 -1.24980 -13.99652 -1.24657 .00332 .00323

4.99948 -1.25017 4.99948 -1.25017 0 0

baia
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11. DISCUSSION OF RESULTS

i The objective of Phase 2 of this program was to build and test a proto-
type Electro-optical Rangefinder that could be used in a prototype system
to measure the contours of full-size helicopter rotor blades to accura-

. cies of 0.001".

Contour measurements were made, using the prototype rangefinder, and com-
pared to those made using a Brown & Sharpe Validator. The differences
between these two contours was in the order of 0.0016" to 0.0026". The
following factors contribute to these differences:

1. Mechanical Measurement Accuracy. The Validator used to measure
the contours of these blade sections had an assumed accuracy of
0.0003" to 0.0005".

2. Instability of Blade Sections. The blade sections are rather
flexible, and it is doubtful that their contours remained stable
between mechanical and electro-optical measurements to better
than 0.001".

3. Clamping of Blade Sections. During mechanical contouring, the
blade sections were clamped. During electro-optical contouring,
the blade sections were freestanding. This might have produced
distortions of up to 0.0015".

4. Different Points Being Measured to Obtain Contours. The mechani-
cal contours and electro-optical contours were made on different
machines and in different facilites. It was impossible to
assure that the exact same points were measured both times.

At best, the points measured on each occasion differed in posi-
tion by 0.005".

5. Optical Phenomenon. Measurement errors of the electro-optical ]
system were caused by non-uniformity of 1ight reaching the
Tracker. This was due to lobing and mottling of the light as
it left the rotor blade section. This phenomenon is a function
of aspect angle and surface characteristics.

{ =40-

— ,,,,,,____A. ' !




! Dreyfus-Pellman has several suggested modifications to the

? tracker which would reduce the effect of this phenomenon on
accuracy and would like to implement them during Phase 3 of
the overall program when it is funded.

In general, the tests performed on the prototype system indicate that
the basic concept is sound, and that a full-scale system is feasible.

The accuracy measurement data shows that accuracies in the order of 0.001"
to 0.002", traceable to the National Bureau of Standards, can be obtained.
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